Soon after the etiological role of herpesvirus in Marek's disease (MD) was established, serological and virus isolation studies clearly indicated that there was a widely divergent pathological response to infection with this virus. In spite of the fact that most chicken flocks were infected with the virus, there were marked differences in the incidence of neoplastic lesions observed. These observations resulted in a series of studies designed to detect the factors associated with this variability of outcome of Marek's disease herpesvirus (MDV) infection.
Calnek and Hitchner (6) studied MDV infection by fluorescent antibody techniques. After 2 to 4 weeks postexposure, they found viral antigen in more tissues and a greater extent of involvement of the positive tissues in those groups of birds where infection resulted in a greater incidence of clinical MD, that is, the genetically more susceptible birds and the younger birds. Phillips and Biggs (18) observed the effects of infection with MDV strains of varying degrees of virulence. Early pathogenic events were emphasized when Calnek (4) reexamined the effect of age at time of inoculation and Smith and Calnek (25) reexamined the effect of strains of MDV of high and low virulence. Similarly, Calnek (3) and Payne and Rennie (17) studied the effect of maternal antibody on the course of infection of a virulent strain of MDV. Other studies which included data on the early pathogenesis of MD were made by Frazier and Biggs (13) , Adldinger and Calnek (1) , and Fujimoto et al. (14) .
Data from several of these experiments with single sets of conditions and from a few experiments in which selected variables were compared permit the construction of a pattern: it appears that the infection during the first few (3 to 6) days may be similar in all cases but that the variables affecting subsequent disease are expressed after 7 to 10 days. Thus, it seemed appropriate to select certain variables for study under a standard set of conditions to confirm and expand upon, or refute, previous conclusions and to give a more solid basis for further studies of the pathogenesis of MD.
MATERIALS AND METHODS
Birds and holding conditions. Experimental chickens were derived from flocks of N-and P-line (11) and S-strain (15) birds which were free of the common avian pathogens, including lymphoid leukosis and MDV. The S-strain is genetically highly susceptible to MD, whereas the P-line is moderately susceptible and the N-line is resistant. All birds were individually wing-banded, assorted into the various experimental groups on a random basis, and held in wire-floored batteries in isolation rooms.
Virus inocula and exposure. Each of the viruses was a clone-purified, cell-free MDV, prepared as described by Calnek (4) from skin preparations of infected S-strain chicks. Clone JM-10 was derived from the isolate described by Sevoian et al. (21) , GA-5 was derived from the isolate of Eidson and Schmittle (12) , and CU-2 was isolated and cloned by Smith and Calnek (24) . These clone-purified, cell-free virus stocks generally retained the character of the original isolates. GA-5 was highly pathogenic, JM-10 was moderately pathogenic, and CU-2 was only weakly pathogenic in susceptible chickens. A single batch of JM-10 virus was used in all four experiments; the GA-5 and CU-2 were used in only a single experiment. Each virus batch was assayed on chicken kidney cell (CK) cultures to determine the number of focus-forming units (FFU) per milliliter.
Collection of materials. Serum for serological examination was collected and stored at -70°C for later processing.
Tissues for virus isolation were collected with care to minimize the risk of contamination and kept in an ice bath at 4°C. After processing as described below, the materials were suspended in "freeze medium" (medium 199 containing 7% dimethylsulfoxide and 15% calf serum) and frozen slowly for storage at -70°C (26) .
Buffy coat cells for virus isolation were obtained from blood collected by cardiac puncture into an equal quantity of Alsever solution. After centrifugation at 500 x g for 5 min, the buffy coat was carefully removed, washed three times in 3 ml of phosphatebuffered saline (pH 7.4), suspended in freeze medium, and frozen.
Spleen cells for virus isolation were dissociated by passing one-half of the spleen (after removal of the capsule) through an 18-gauge needle into 3 In each, a single set of variables was compared under a set of standard conditions and by a standardized procedure.
In experiment 1, the MDV strain (JM-10) and age of birds (3 weeks) were constant and the genetic strain of chickens was varied. Three chicken strains of varying susceptibility to MD (S-strain, N-line, Pline) were compared.
In experiment 2, the genetic strain of chickens (Pline) and age of birds (3 weeks) were constant and the strain of MDV (GA-5, JM-10, CU-2) was varied.
In experiment 3, the genetic strain of chickens (Pline) and strain of MDV (JM-10) were constant and the age of chickens (1-day-or 3-weeks-old) at the time of infection was varied.
In experiment 4, the genetic strain of chickens (Pline), strain of MDV (JM-10), and age of birds (3 weeks) were all constant; the variable factor was no medication or continuous medication with (0.02%) amino-ureido-sulfone (AUS), given in the feed beginning 2 days before infection. This drug had been reported to reduce the number and severity of MD VOL. 16, 1977 on October In all four experiments, the same basic experimental design was used. Birds were given 1,000 FFU (in 0.5 ml) by intratracheal inoculation and sampled daily from the 3rd to the 10th day after infection. Parallel groups of uninoculated controls were maintained and sampled on the 6th day of the experiment. In experiment 1, controls included all genetic lines (S, P, and N), and in experiment 4, two sets of uninfected controls were kept, one medicated and one unmedicated. In each experiment, a number of birds were held until 5 weeks postinoculation to check and compare the incidence of gross lesions.
The following samples were collected from each bird: for virus isolation and titration, the spleen, buffy coat, and bone marrow; for FA tests, the spleen, bursa of Fabricius, and thymus and, in addition, on days 6, 8, and 10, samples of kidney and skin from the thoracic feather tract; for VN and AGP tests, serum samples.
RESULTS
General. The large mass of data collection does not permit complete presentation of the detailed results. Study of the data suggested that within the experimental period (3 to 10 days postinfection) the responses observed could be divided into two phases and pooled within phases: an early period (days 4, 5, and 6) and a later period (days 8, 9, and 10). The data from day 3 were not included because of marked inconsistency of results that early in the infection. The data from day 7 were discarded so that two balanced 3-day periods could be compared.
In the tables for each experiment, only the virus isolation data on spleens (early and late period) and buffy coat (late period) are included. There were no virus isolations from buffy coat during the early period, and isolations from the bone marrow were highly erratic and only made when virus was present in the blood. The FA test data are presented for spleen, bursa, and thymus. Fluorescing antigen was not seen in the bone marrow and kidney and rarely seen in the skin except as noted in experiment 3. The serological data were not tabulated. None of the sera collected was positive for MD precipitin. With the exception of experiment 3 (described below), in which the 1-day-old group was killed before immunological maturity, the results of the VN tests were essentially similar. In most groups, VN antibodies were first detected 7 days postinfection, and by the 10th day of infection, 80 to 100% of the birds tested were positive.
Experiment 1: Effect of genetic strain. Virus isolation data are summarized in Table 1 . Note that virus isolation rate and titer from the spleen dropped significantly in the later period in only the N-line and that the infectivity level of the spleen at the later period was significantly higher in the S-strain than in the N-line. The virus titer of the buffy coat of the S-strain birds was higher than that of the P-line and significantly higher than that of the N-line birds.
The amount of viral antigen (Table 2 ) was seen to drop significantly during the experimental period in spleen and thymus in the resistant N-line, in thymus only in the moderately susceptible P-line, but in neither spleen Significancec Strains None in the 1-day-old birds. However, whereas the older birds showed a significant drop in infection rate and level during the next few days, the younger group had a significant increase in these parameters. A less significant difference in buffy coat virus titers occurred, but again there was a higher virus level in the young compared with the older birds.
The FA scores are summarized in Table 6 . Not all of the significant differences in virus titer of the spleen reported above were also reflected in the FA data; only two of the four comparisons were significant. During the later period the 1-day-old chicks had higher FA scores than did the 3-week-olds, and, in the latter, scores were high during the early period and lower during the later period. The same two relationships were observed in the thymus FA scores. In the bursa only a single comparison was statistically significant: FA scores for the 1-day-old chicks were higher than for the 3-week-olds during the later period. The only positive findings of fluorescing antigen in skin were observed in the 10-day samples from chicks inoculated with MD at 1 day of age.
All controls were free of virus, fluorescing antigen, and MD antibodies.
Experiment 4: Effect of AUS treatment. Summarized data are presented in Tables 7 and  8 . There were no significant differences between virus titers. There were two statistically significant differences in the thymic FA re- 
DISCUSSION
Under the controlled conditions of these experiments we were able to verify the previous observations that two of the variables tested (genetic strain of chicken and virulence of MDV strain) did not significantly alter the nature of the early period of infection (4 to 6 days). The levels of viral growth as reflected in either virus titer or viral antigen observed with FA were similar with few exceptions. There was a significantly (P < 0.025) higher virus titer in the spleen during the early period in 3-week-old birds compared to 1-day-old birds (see Table 5 ). Although this difference was not reflected by a similar difference in viral fluorescing antigen in the same spleens (see Table 6 ), it was interesting in view of an observation (4) in which older birds were found to have earlier fluorescing antigen in that organ.
Other differences observed (see Table 2 ) during the early time period were in the FA scores for viral antigen in the thymus. In this case the resistant N-line chickens had significantly higher (P < 0.05) FA scores than the highly susceptible S-strain, whereas those from the moderately susceptible P-lines were only marginally (P < 0.1) higher than those from the Sstrain birds.
On the other hand, significant differences were noted in both levels of viral growth and FA scores of viral antigen during the period 8 to 10 days after infection, and these generally were correlated with the occurrence of clinical MD in test samples of birds held until 5 weeks after infection. During this later period there was a significantly higher virus titer in the spleens (P < 0.05) and buffy coat (P < 0.025) of the highly susceptible S-strain chickens than of the resistant N-line chickens. Similarly, there were significantly higher (P < 0.025) virus titers at 8 to 10 days in chickens infected with the highly virulent GA-5 strain than in those infected with the moderately virulent JM-10 or the weakly virulent CU-2 strains of MDV.
In the experiment comparing 1-day-and 3-week-old P-line chicks, a significant drop in spleen infectivity was observed with the older group. This was in contrast with findings reported previously (4) and with the results of the other three experiments reported here in which 3-week-old P-lines were infected with JM-10. These results are not too surprising in view of the fact that, of those tested, the virus strain was Although the virus titers during the 8-to 10-day period usually reflected the eventual clinical pattern of MD (higher virus titers during this period were associated with a higher incidence of clinical disease), the levels of viral antigen observed with FA were much less consistent. In some cases there were differences in FA score without comparable differences in virus titer. In other cases, significant differences in virus titer were not reflected by differences in FA scores. It seems clear that the quantitative accuracy of the FA scores is relatively low. It is not clear at this point whether these discrepancies are due to real differences in the amount of MD antigen or associated with the sampling procedures used in the FA technique. Since only a thin portion of the organ was examined by FA, if the fluorescing antigen were irregularly distributed, the scoring might be inconsistent. This explanation is supported by the observation of marked variability in FA scores sometimes noted when repeated samples were taken for FA examination from the same tissues. On the other hand, the quantitative accuracy of the virus isolation data was insured by the collection and dissociation of a relatively large tissue sample.
Each of these experiments contained a group of 3-week-old, P-line chickens infected with JM-10 virus to serve as internal controls. A statistical comparison by the same median procedure of the virus isolation data from the spleens of each possible pair of groups during the early period and each possible pair of groups during the late period revealed no significant differences.
We may therefore conclude that the most significant parameter examined in these experiments was the change in virus titer between the early (4 to 6 day) and later (8 to susceptibility is common to all of the variables studied.
Immunological response seems to be the probable cause for restriction of the infection in birds destined to survive. Failure to restrict infection could be due to (i) immunological immaturity (thus, an age effect), (ii) an inherent genetic incompetence to react against certain antigens (5), (iii) an imposed immunological incompetence resulting from infection by virulent MDV strains which could destroy significant populations of thymic and/or bursal cells (selective destruction might be related to virus pathogenicity or host genetic factors), (iv) differences in immunogenicity of virus strains (e.g., low virulence virus might provoke a superior response), or (v) combinations of the above.
Cell-mediated immunity (CMI) is presently thought to be the most significant immune response in resistance to MD (22, 23) . Although an effect of humoral antibody should not be ruled out (3, 10) , it is clear that it is not required for resistance. Antigens which might be involved in CMI in MD could be those associated with virus infection (9, 16) or transformed cells (19, 20, 27) . It is not known if transformed cells are present at the early periods studied in the present experiments; however, it is entirely conceivable that a CMI response against virusassociated antigen would be of considerable value in restricting the early infection. Studies to elucidate these points are warranted and would contribute to our understanding of pathogenesis and resistance in MD.
